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ABSTRACT  "A  new  Navy  mooring  anchor  (NAVMOOR),  has 
been  designed  to  satisfy  a  variety  of  Navy  anchor  applica¬ 
tions.  Various  sizes  of  anchors  have  been  designed,  fab¬ 
ricated,  and  structurally  and  operationally  proof-tested.  ’ 
This  report  describes  the  NAVMOOR  Anchor,  presents  the 
results  of  prototype  single  and  tandem  anchor  tests  in  sand 
and  mud  seafloors,  provides  anchor  performance  specifica¬ 
tions,  and  presents  Navy  fleet  mooring  anchoring  guidelines. 
The  NAVMOOR  Anchor  was  shown  to  be  structurally  and 
operationally  superior  to  the  Navy's  STATO  Anchor  which 
in  the  past  was  the  most  effective  general  purpose  anchor 
for  Navy  applications.  The  NAVMOOR  Anchor  was  effective 
in  dense  sand  and  soft  mud  seafloors  when  used  in  single 
and  tandem  anchor  leg  configurations.  Tandem  anchor  sys¬ 
tem  holding  capacity  was  shown  to  be  at  least  twice  the 
capacity  of  a  single  NAVMOOR  Anchor.  The  Navy’s  fleet 
mooring  requirements  from  class  C  (100-kip  capacity)  to 
class  AAA  (500-kip  capacity)  can  be  satisfied  with  only  two 
sizes  of  NAVMOOR  Anchor,  the  10,000-pound  and  15,000- 
pound  NAVMOOR,  used  in  various  single  and  tandem  anchor 
leg  configurations.  , 
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20.  Continued 

to  the  Navy’s  STATO  Anchor  which  in  the  past  was  the  most  effective  general  purpose  anchor 
for  Navy  applications.  The  NAVMOOR  Anchor  was  effective  in  dense  sand  and  soft  mud 
seafloors  when  used  in  single  and  tandem  anchor  leg  configurations.  Tandem  anchor  system 
holding  capacity  was  shown  to  be  at  least  twice  the  capacity  of  a  single  NAVMOOR  Anchor. 
The  Navy's  fleet  mooring  requirements  from  class  C  (100-kip  capacity)  to  class  AAA  (500-kip 
capacity)  can  be  satisfied  with  only  two  sizes  of  NAVMOOR  Anchor,  the  10,000-pound  and 
1 5,000-pound  NAVMOOR,  used  in  various  single  and  tandem  anchor  leg  configurations. 
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A  new  Navy  mooring  anchor  (NAVMOOR),  has  been  designed  to  satisfy  a  variety  of  Navy 
anchor  applications.  Various  sizes  of  anchors  have  been  designed,  fabricated,  and  structurally  and 
operationally  proof-tested.  This  report  describes  the  NAVMOOR  Anchor,  presents  the  results  of 
prototype  single  and  tandem  anchor  tests  in  sand  and  mud  seafloors,  provides  anchor  performance 
specifications,  and  presents  Navy  fleet  mooring  anchoring  guidelines.  The  NAVMOOR  Anchor  was 
shown  to  be  structurally  and  operationally  superior  to  the  Navy’s  STATO  Anchor  which  in  the  past 
was  the  most  effective  general  purpose  anchor  for  Navy  spplications.  The  NAVMOOR  Anchor  was 
effective  in  dense  sand  and  soft  mud  seafloors  when  used  in  single  and  tandem  anchor  leg  configura¬ 
tions.  Tandem  anchor  system  holding  capacity  was  shown  to  be  at  least  twice  the  capacity  of  a 
single  NAVMOOR  Anchor.  The  Navy’s  fleet  mooring  requirements  from  class  C  (100-kip  capacity) 
to  class  AAA  (SOO-kip  capacity)  can  be  satisfied  with  only  two  sizes  of  NAVMOOR  Anchor,  the 
10,000-pound  and  1 5,000-pound  NAVMOOR,  used  in  various  single  and  tandem  anchor  leg 
configurations. 
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INTRODUCTION 


The  Naval  Civil  Engineering  Laboratory  (NCEL)  has  developed  a  new 
anchor  suitable  for  a  wide  range  of  mooring  applications.  The  new  anchor 
is  called  the  NAVMOOR  Anchor.  This  development  was  initiated  by  the 
Naval  Facilities  Engineering  Command  in  response  to  expanded  Navy  fleet 
mooring  requirements  from  300,000  pounds  (class  AA)  to  500,000  pounds 
(class  AAA).  Support  for  this  development  was  also  provided  by  the 
Supervisor  of  Salvage,  Naval  Sea  Systems  Command. 

This  report  describes  the  NAVMOOR  Anchor  design  and  operational 
features  and  presents  the  results  of  small-scale  anchor  tests  on  the 
beach  and  tests  of  full-size  single  and  tandem  NAVMOOR  Anchors  in  sand 
and  mud.  Performance  specifications  of  the  NAVMOOR  Anchor  for  sand  and 
mud  seafloors  are  also  provided. 


BACKGROUND 

A  program  was  established  at  NCEL  in  1979  to  improve  the  Navy's  fleet 
mooring  capability.  Detailed  anchor  testing  programs  were  conducted  at 
several  sites  to  determine  the  performance  of  Navy  and  commercial  anchors 
(Ref  1  through  5).  These  tests  provided  data  to  support  development  of 
improved  methods  for  predicting  the  performance  of  drag  embedment  anchors 
and  methods  for  improving  the  performance  of  anchors  (Ref  6  through  11). 

Refined  mooring  load  determinations  and  a  reassessment  of  the  Navy's 
mooring  needs  resulted  in  an  upgrade  in  the  Navy's  mooring  requirements 
to  500,000  pounds  maximum.  An  analysis  of  high  efficiency  (high  holding 
capacity  to  weight  ratio)  anchor  options  was  performed  (Ref  12).  The 
analysis  concluded  that  the  Navy's  expanded  mooring  requirements  could 
be  satisfied  with  a  structurally  and  operationally  improved  version  of 
the  Navy's  STATO  Anchor  used  in  single  and  tandem  anchor  leg  configura¬ 
tions. 

Before  proceeding  with  the  new  anchor  development,  a  program  of  model 
and  small-scale  tests  of  anchors  was  conducted  (Ref  13)  to  evaluate  the 
practicality  and  effectiveness  of  using  anchors  in  tandem  and  to  evaluate 
STATO  Anchor  configuration  changes  to  enhance  performance.  Results  were 
positive  and  justified  prototype  anchor  development  and  testing  to  quan¬ 
tify  single  and  tandem  anchor  performance  in  sand  and  mud  seafloors. 


ANCHOR  DESCRIPTION  AND  OPERATIONAL  FEATURES 
General 


The  NAVMOOR  Anchor  (Figure  1)  was  designed  for  single  and  tandem 
anchor  leg  applications.  A  tandem  anchor  leg  configuration  is  illus¬ 
trated  in  Figure  2  with  the  NAVMOOR  Anchor.  In  this  example,  chain  is 
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used  to  connect  the  anchors  but  wire  is  also  acceptable.  The  NAVMOOR 
Anchors  are  designed  to  structurally  tolerate  a  tandem  system  capacity 
of  up  to  2-1/2  times  the  capacity  of  a  single  anchor.  Model  and  small- 
scale  tests  (Ref  13)  showed  that  two  anchors  of  the  STATO  type  (when 
rigged  in  tandem)  could  develop  a  total  system  holding  capacity  of 
2-1/2  times  the  capacity  of  a  single  anchor.  This  design  and  applica¬ 
tion  approach  contrasts  with  normal  commercial  practice  in  the  use  of 
tandem  anchors. 

Normally,  when  a  tandem  anchor  (also  called  a  piggyback)  is  used  in 
commercial  practice,  the  primary  anchor  has  failed  to  hold  to  its  design 
load.  The  tandem  anchor  is  added  to  bring  the  total  capacity  of  the 
system  up  to  the  capacity  originally  required  of  the  primary  anchor.  In 
contrast,  the  NAVMOOR  Anchor  system  is  structurally  designed  and  opera¬ 
tionally  capable  of  being  used  to  satisfy  loads  associated  with  much 
larger  single  anchors.  The  fact  that  anchor  efficiency  decreases  as 
anchor  size  increases  and  that  the  efficiency  of  two  anchors  rigged  in 
tandem  is  equal  to  or  greater  than  that  of  the  individually  pulled  an¬ 
chors,  results  in  less  total  weight  for  a  tandem  anchor  system  compared 
to  a  single  anchor.  Also,  smaller  anchors  in  a  tandem  system  are  easier 
to  handle  and  recover,  particularly  in  mud  seafloors. 

Anchor  Design 

Two  views  of  a  NAVMOOR  Anchor,  1,000-pound  nominal  size,  are  shown 
in  Figure  1.  The  general  configuration  of  the  STATO  Anchor  was  used  as 
the  basis  for  the  NAVMOOR  Anchor  design.  For  comparison,  a  STATO  Anchor 
is  shown  in  Figure  3.  Plan  dimensions  of  these  two  anchor  types  are 
similar  for  anchors  of  comparable  nominal  weight  to  ensure  at  least  the 
same  single  anchor  performance.  For  reference,  design  drawings  for  two 
versions  of  the  NAVMOOR  Anchor  are  provided  in  Appendix  A.  They  include 
the  2,000-pound  NAVMOOR  Anchor  with  standard  stabilizers  designed  for 
causeway  mooring  applications  and  the  6,000-pound  NAVMOOR  Anchor  for 
salvage  with  folding  stabilizers. 

There  were  three  principal  problems  with  the  STATO  Anchor  that  needed 
to  be  corrected  to  provide  an  anchor  type  that  would  satisfy  the  Navy's 
anchoring  requirements.  The  STATO  Anchor  is  not  structurally  suited  to 
tandem  anchor  use,  has  experienced  performance  problems  in  hard  soil,  and 
has  had  general  structural  problems.  The  NAVMOOR  Anchor  was  designed  to 
eliminate  these  problems.  Other  changes  were  made  to  simplify  construc¬ 
tion,  improve  handling,  and  expand  fabrication  options. 

The  design  process  began  with  the  design  of  a  10,000-pound  NAVMOOR 
Anchor  for  fleet  moorings.  Finite  element  analysis  techniques  were  used 
to  optimize  the  structural  integrity  of  the  anchor  within  a  given  weight 
specification.  After  the  design  was  completed,  an  exact  scale  model 
(about  200  pounds)  was  designed,  constructed,  and  tested  in  sand.  Some 
design  changes  were  found  to  be  necessary  to  simplify  construction; 
otherwise,  the  design  and  anchor  performance  were  acceptable.  For  ex¬ 
ample,  when  tested  with  the  200-pound  STATO  Anchor  (actual  weight  was 
280  pounds),  the  NAVMOOR  Anchor  held  25  percent  more  than  the  30  percent 
heavier  STATO  Anchor.  Next,  the  10,000-pound  NAVMOOR  Anchor  was  fabri¬ 
cated,  instrumented  with  strain  gages,  and  structurally  tested  to  its 
design  load.  The  strain  gage  layout  is  shown  by  Figure  4.  Twenty  single 
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and  rosette  gages  were  used  principally  in  the  vicinity  of  the  anchor 
crown.  The  anchor  was  loaded  several  times  at  the  third  point  of  the 
fluke  (measured  from  the  fluke  tip)  to  its  design  proof  load  of  210 
kips.  The  anchor's  proof  load  was  established  as  70  percent  of  the 
total  expected  anchor  holding  capacity,  which  for  the  10K  NAVMOOR  Anchor 
was  300  kips.  Some  changes  were  needed  in  the  anchor  stopper  design  to 
reduce  stress  concentrations;  otherwise  the  design  was  sound.  This  cali¬ 
brated  design  could  then  be  used  as  a  basis  for  larger  or  smaller  NAVMOOR 
Anchor  designs. 

The  NAVMOOR  Anchor,  like  most  other  anchors,  is  described  by  a  nominal 
weight  which  often  differs  from  actual  anchor  weight.  Anchor  weight  can 
exceed  nominal  weight  by  as  much  as  10  to  15  percent  depending  upon  fabri¬ 
cation  means,  anchor  application,  and  the  designers  choice  of  plate  thick¬ 
ness.  External  anchor  dimensions  are  controlled  to  ensure  consistent  and 
predictable  performance.  The  nominal  weights  of  the  NAVMOOR  Anchor  were 
based  on  the  STAT0  design.  The  6,000-pound  STAT0  design  was  used  as  the 
basis  for  extrapolation  of  all  NAVMOOR  Anchor  sizes.  The  STATO  Anchor 
weights  were  based  on  anchor  weight  without  mud  palms.  Mud  palms  add 
about  10  percent  to  the  anchor  weight;  in  addition,  normal  weight  varia¬ 
tions  to  accommodate  available  plate  sizes  could  be  as  much  as  10  percent. 
As  an  example,  the  6,000-pound  NAVMOOR  Anchor  has  two  configurations;  one 
for  fleet  mooring  applications  and  one  for  salvage  applications.  The 
weights  of  these  anchors  are  5,940  pounds  and  7,200  pounds  respectively, 
even  though  external  dimensions  and  actual  performance  are  comparable. 

The  higher  weight  of  the  salvage  anchor  results  from  a  strengthened  anchor 
palm  to  support  the  stabilizer  hinge  mechanism  and  the  heavier  folding 
stabilizers . 

The  principal  features  of  the  NAVMOOR  Anchor  are  described  in  the 
following  paragraphs.  Use  Figures  1  and  2  as  reference  for  the  follow¬ 
ing  discussions. 

Anchor  Flukes.  The  plan  size  of  the  NAVMOOR  and  STATO  Anchor  flukes 
are  similar.  The  NAVMOOR  flukes  are  of  box-like  construction  to  reduce 
fluke  stress  and  to  lighten  and  streamline  the  flukes.  The  STATO  flukes 
are  comprised  of  a  central  plate  with  external  rib  stiffeners.  The 
stiffeners  trap  sand  during  penetration  in  sand  resulting  in  higher  pene¬ 
tration  resistance  and  poor  hard  soil  performance.  The  primary  penetra¬ 
tion  resistance  on  the  anchor  during  the  initial  embedment  phase  is  on 
the  flukes;  this  resistance  is  a  function  of  fluke  roughness.  The  smooth 
NAVMOOR  flukes  cause  significantly  less  penetration  resistance  than  the 
rough  STATO  flukes.  Model  and  small-scale  tests  showed  at  least  a  30 
percent  improvement  in  anchor  capacity  for  a  smooth-fluked  anchor  in 
sand. 

The  initial  design  of  the  NAVMOOR  Anchor  flukes  used  internal  rib 
stiffeners  located  at  the  folds  in  the  fluke  cover  plates;  this  compli¬ 
cated  fluke  construction.  Subsequently,  a  more  refined  finite  element 
analysis  was  performed  to  see  if  the  ribs  could  be  eliminated  without 
creating  an  unacceptable  weight  increase.  The  ribs  could  be  eliminated 
with  a  minor  Increase  in  cover  plate  thickness.  All  current  NAVMOOR 
Anchor  designs  employ  hollow  flukes  with  no  internal  rib  stiffness. 


Stopper  AssmiHIy.  The  stopper  assembly  consists  of  a  fixed  stopper 
to  restrict  the  fluke  angle  to  50  degrees  for  mud  use  and  a  welded-on 
sand  wedge  to  reduce  the  fluke  angle  to  32  degrees  for  sand  use.  Another 
restriction  to  the  design  is  that  the  anchor  penetration  angle  be  65  de¬ 
grees  to  ensure  penetration  in  hard  soil.  The  penetration  angle  described 
in  Reference  5  is  the  external  angle  between  the  fluke  and  seafloor  when 
the  fluke  is  open  and  the  fluke  tip  and  shank  end  are  on  the  seafloor. 

The  STATO  Anchor  experienced  structural  problems,  principally  because 
of  high  stresses  occurring  at  the  stopper  and  trunnion  area.  The  trunnion 
is  the  pin  located  in  the  anchor  crown  that  connects  the  shank  to  the 
fluke  assembly.  A  finite  element  analysis  that  concentrated  on  this 
highly  stressed  area  identified  specific  problem  areas  and  enabled  con¬ 
fident  design.  The  analysis  was  supplemented  and  calibrated  by  full- 
scale  instrumented  testing  of  a  NAVMOQR  Anchor  prototype. 

Anchor  Mud  Palma.  The  NAVM00R  Anchor  mud  palms  are  an  integral  part 
of  the  anchor  and  are  used  in  sand  and  mud  seafloors.  The  STATO  Anchor 
mud  palms  are  welded  add-ons  when  the  anchor  is  to  be  used  in  mud.  There 
is  a  small  performance  reduction  in  sand  due  to  the  permanent  NAVMOOR 
Anchor  mud  palms  but  this  is  compensated  for  by  the  enhanced  performance 
caused  by  the  smooth  flukes. 

Anchor  Stabilizers.  Simple  pipes  are  used  for  the  standard  NAVMOOR 
Anchor  stabilizers  compared  to  the  welded,  tapered  construction  for  the 
STATO  Anchor  stabilizers.  Model  tests  showed  that  the  pipe  was  equal  or 
more  effective  in  controlling  anchor  roll  than  the  tapered  units.  The 
NAVMOOR  Anchor  stabilizers  are  bolted  or  tac -welded  in  place.  They  are 
easily  removed  for  shipping  and  storage  ease. 

Shank  Assembly.  The  NAVMOOR  Anchor  shank  is  significantly  different 
than  the  STATO  Anchor  shank.  The  STATO  shank  terminates  at  the  trunnion 
pin  within  an  enclosed  anchor  crown  as  do  most  anchors.  For  these  anchors, 
padeyes  are  connected  directly  to  the  anchor  crown.  The  flukes  must  be 
fixed  open  to  prevent  fluke  closure  when  load  is  applied  by  a  tandem 
anchor.  The  NAVMOOR  shank  extends  through  the  anchor  crown.  This  enables 
connection  of  the  tandem  anchor  directly  through  the  anchor  shank.  The 
pinned  tandem  link  (shown  in  Figure  1  in  the  lower  view)  provides  the 
means  for  the  tandem  connection  and  moves  independent  of  anchor  fluke 
movement.  Loading  by  the  tandem  anchor  does  not  cause  fluke  closure 
with  resulting  loss  of  primary  anchor  capacity. 

As  mentioned  earlier,  model  and  small-scale  tests  demonstrated  that 
two  anchors  in  tandem  could  develop  a  capacity  2-1/2  times  the  capacity 
of  a  single  anchor.  These  tests  showed  that  the  tandem  or  piggyback 
anchor  could  hold  50  percent  more  than  a  single,  individually  pulled 
anchor.  The  anchor  shank  and  connecting  hardware  are  structurally 
designed  to  safely  hold  2-1/2  times  the  capacity  of  a  single  anchor. 

The  tandem  link  is  sized  for  a  load  1-1/2  times  single  anchor  load. 
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ANCHOR  APPLICATIONS 


A  variety  of  NAVMOOR  Anchor  sizes  have  been  designed  to  satisfy  many 
anchoring  applications.  Several  of  the  prototypes  are  shown  in  Figure  5. 

Navy  Fleet  Moor Inge 

The  Navy  maintains  about  300  permanent  fleet  moorings  at  harbors 
worldwide.  These  moorings  currently  range  up  to  300,000  pounds  in 
capacity.  However,  the  Navy  has  designs  for  and  is  procuring  hardware 
for  storm  moorings  to  500,000  pound  capacity.  NAVMOOR  Anchor  designs 
were  developed  to  satisfy  requirements  typically  above  300,000  pounds 
but  can  be  used  effectively  for  lesser  capacity  moorings.  Twelve 
10,000  pound  (nominal  weight)  NAVMOOR  Anchors  (shown  to  the  right  in 
Figure  5)  have  been  fabricated  for  the  Navy's  inventory  for  preproduc¬ 
tion  evaluation.  A  design  for  a  15,000-pound  NAVMOOR  Anchor  was  also 
completed  for  the  fleet  mooring  program. 

To  reduce  production  costs,  the  10,000-pound  NAVMOOR  Anchors  were 
partially  cast.  The  anchor  shank  and  palm  were  cast  and  the  flukes  were 
fabricated  and  then  welded  to  the  cast  palm.  The  "cast"  NAVMOOR  Anchor 
weight  was  equal  to  the  fully  fabricated  anchor  weight.  In  addition, 
anchor  stresses,  as  measured  during  structural  proof  testing  were  also 
comparable  to  those  of  the  fabricated  anchor. 

Navy  Salvage 

The  Navy  Supervisor  of  Salvage  identified  the  need  for  an  improved 
drag  anchor  for  salvage  operations.  It  had  to  be  compatible  with  the 
ARS  50  class  ships,  hold  100,000  pounds  in  a  broad  range  of  seafloor 
conditions,  and  be  suitable  for  free-fall  deployment.  A  6,000-pound 
NAVMOOR  Anchor  satisfied  holding  requirements  but  the  anchor  had  to  be 
modified  to  adapt  to  stowage  in  existing  anchor  pockets  on  the  ARS  50 
class  ships.  A  prototype  6,000-pound  NAVMOOR  Anchor  is  shown  in  Fig¬ 
ure  5  with  one  stabilizer  in  the  open  position.  The  stabilizers  remain 
closed  while  on  deck  but  can  open  during  free  fall  to  the  seafloor.  The 
stabilizers  fully  open  on  the  seafloor  from  drag  force  on  the  plates  on 
the  end  of  the  stabilizers  when  the  anchor  is  proof  set. 

Tests  conducted  in  soft  mud  in  San  Francisco  Bay  and  user  tests  off 
the  ARS  50,  USS  SAFEGUARD  in  sand  and  coral  off  Hawaii  confirmed  the 
ruggedness  of  the  design  and  the  operation  of  the  folding  stabilizers. 
The  6,000-pound  NAVMOOR  Anchor  is  shown  in  Figure  6  on  the  SAFEGUARD 
being  released  from  the  forward  and  after  pockets. 

As  a  result  of  the  tests,  some  design  changes  were  made  to  ease 
handling,  reduce  maintenance,  and  reduce  cost.  Based  upon  the  positive 
results  achieved  with  the  cast  version  of  the  10,000-pound  NAVMOOR 
Anchor,  the  preferred  construction  method  for  the  NAVMOOR  Salvage  Anchor 
is  also  a  combination  of  cast  and  fabricated  elements. 


Amphibious  Operations 

Three  sizes  of  anchors  were  designed  for  anchoring  applications 
associated  with  amphibious  logistics: 

1.  A  100-pound  NAVMOOR  Anchor  was  designed  to  provide  side-stays 
for  a  floating  fuel  line.  The  anchor  replaces  a  200-pound  STATO  Anchor 
(280  pounds  actual  weight)  which  was  too  heavy  for  manhandling  and  a 
150-pound  LWT  which  was  ineffective  in  mud.  Several  hundred  100-pound 
anchors  have  been  procured. 

2.  A  1,000-pound  NAVMOOR  Anchor  was  designed  as  a  replacement  for 
the  2,500-pound  LWT  for  the  Navy's  new  Powered  Causeway  Section  (PCS) 
because  of  space  limitations  on  the  PCS.  Although  lighter,  the  NAVMOOR 
Anchor  will  hold  several  times  more  than  the  LWT  in  mud  and  roughly 
two-thirds  as  much  in  sand.  To  date,  25  PCS's  have  been  outfitted. 

Some  design  changes  have  occurred  as  a  result  of  inservice  use.  The 
anchor  shank  has  been  strengthened  to  better  tolerate  off-line  loading. 
The  sand  wedges  used  to  reduce  the  fluke  angle  to  32  degrees  are  now 
lightly  welded  in  place  rather  than  bolted  in  place.  This  last  change 
has  been  made  for  all  the  NAVMOOR  Anchors. 

3.  A  2, 000 -pound  NAVMOOR  Anchor  was  designed  as  the  new  mooring 
anchor  for  the  Army  Corps  of  Engineers  causeway  system.  This  anchor 
replaces  the  LWT  because  of  the  general  ineffectiveness  of  the  LWT  in 
mud  seafloors.  Also,  the  tandem  anchoring  capability  of  the  NAVMOOR 
Anchor  allows  procurement  of  a  single  anchor  size  to  satisfy  varying 
loads  along  the  causeway  by  using  single  and  tandem  anchor  leg  con¬ 
figurations  . 


ANCHOR  TESTING  PROGRAM 

Anchor  testing  progressed  through  various  stages  including  labora¬ 
tory  model  testing,  small-scale  testing  on  the  beach  at  Port  Hueneme, 
California,  and  prototype  testing  in  sand  off  Port  Hueneme  and  in  mud 
off  Hunters  Point,  San  Francisco  Bay.  The  model  test  program  (Ref  14 
and  15)  will  not  be  discussed  in  this  report.  These  tests  were  simply 
used  to  guide  preliminary  design  to  ensure  at  least  comparable  perfor¬ 
mance  of  the  NAVMOOR  Anchor  to  the  proven  STATO  Anchor  design  and  to 
evaluate  minor  configuration  changes  to  enhance  anchor  performance. 

Teat  Locations 

Port  Hueneme .  The  seafloor  material  at  this  ocean  test  site  con¬ 
sisted  of  a  dense  well-graded  gravelly  fine  sand.  A  typical  grain  size 
curve  for  a  sample  is  provided  in  Figure  7.  This  site  has  changed 
considerably  since  1981  when  prior  anchor  tests  were  conducted  (Ref  5). 
At  that  time,  the  site  consisted  of  a  poorly-graded  fine  sand.  For 
reference,  the  1981  distribution  is  also  plotted  on  Figure  7.  The  sea¬ 
floor  material  at  this  site  provided  a  good  test  of  the  penetrating 
capability  of  the  NAVMOOR  Anchor  in  hard  seafloor  conditions. 
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San  Francisco  Bay.  Hunters  Point.  The  Hunters  Point  site  was 
selected  because  there  was  a  significant  amount  of  historical  data  on 
the  STATO  Anchor  (Ref  16)  and  the  site  was  previously  classified  as  a 
normally  consolidated  silty  clay  (mud).  The  grain  size  distribution  for 
the  Hunters  Point  mud  is  shown  in  Figure  8.  The  soil  classified  as  an 
organic  clayey  silt.  Undrained  soil  shear  strength  data  taken  from 
three  cores  are  plotted  in  Figure  9.  Historical  data  from  previous  NCEL 
tests  (Ref  14)  are  also  plotted  for  comparison.  The  historical  data  was 
generated  from  unconfined  compression  tests  whereas  the  current  data 
came  from  vane  shear  testing.  Vane  shear  testing  causes  less  sample 
disturbance,  thus  higher  average  values;  nonetheless,  results  are  simi¬ 
lar.  A  reasonable  approximation  for  the  strength  profile  can  be  stated 
as  the  soil  strength  increases  at  the  rate  of  10  psf/ft  of  depth. 

Test  Procedures  and  Equipment 


Saall  Scale  Testing.  Tests  were  performed  on  the  beach  at  Port 
Hueneme  for  comparative  evaluations  of  anchor  performance  prior  to 
prototype  testing.  The  beach  material  consisted  of  a  poorly  graded, 
medium  dense,  fine  sand.  The  testing  procedure  was  unsophisticated  but 
very  effective.  Anchors  were  pulled  with  a  bulldozer  as  shown  in  Fig¬ 
ure  10.  Total  load  was  recorded  using  a  dynamometer  at  the  bulldozer. 

Drag  distance  was  visually  recorded  by  observing  the  travel  of  a  marked 
line  attached  to  the  anchor  relative  to  a  fixed  point.  Other  measure¬ 
ments  taken  at  the  completion  of  the  test  were  anchor  roll  angle,  anchor 
shank  pitch  angle,  anchor  chain  angle,  and  anchor  depth. 

Prototype  Testing.  The  ocean  test  setups  used  at  Port  Hueneme  and 
San  Francisco  Bay  are  shown  schematically  in  Figures  11  and  12.  The 
test  setups  were  different  but  both  produced  the  data  needed  to  estab¬ 
lish  anchor  performance.  The  test  setups  and  equipment  capabilities 
were  suitable  for  testing  either  single  or  tandem  anchors. 

Each  anchor  was  instrumented  to  determine  anchor  depth,  anchor  shank 
pitch,  anchor  roll,  and  anchor  load.  A  load  cell  was  located  between 
the  chain  and  anchor  shackle.  An  instrument  package  was  strapped  to  the 
anchor  shank  (Figure  13).  It  contained  inclinometers  to  measure  pitch 
and  roll,  a  pressure  transducer  to  measure  anchor  depth,  all  signal  con¬ 
ditioning  equipment,  and  load  cell  amplifiers.  A  hose  attached  to  the 
pressure  transducer  was  buoyed  off  to  ensure  that  it  remained  in  the 
water  column  to  avoid  false  readings.  The  measurement  system(s)  was 
connected  to  the  instrumentation  onboard  the  test  barge  via  a  1,000-foot- 
long  electrical  well-logging  cable.  Mooring  line  load  and  line  angle  at 
the  barge  and  barge  displacement  relative  to  a  fixed  spar  buoy  were 
measured.  These  data  were  needed  to  calculate  true  anchor  drag  distance 
as  well  as  to  determine  the  contribution  of  the  bottom  resting  chain  to 
total  anchoring  capacity. 

At  Port  Hueneme,  anchor  loading  was  accomplished  by  a  250-ton  capacity 
chain  jack  that  pulled  the  test  barge  at  about  2  feet  per  minute  toward 
the  restraint  mooring  that  was  located  on  the  beach.  At  San  Francisco, 
a  150-ton  capacity  winch  was  leased  to  speed  the  testing  process.  Because 
of  winch  capacity  limits,  the  wire  was  two-parted  through  a  sheave  located 
on  another  YC  barge  (Figure  12).  The  barge  system  used  at  Hunters  Point 
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is  shown  in  Figure  14  at  the  completion  of  a  test  series  when  the  barges 
were  near  touching.  There  was  sufficient  wire  to  allow  barge  separation 
of  almost  600  feet  which  enabled  about  five  tests  to  be  conducted  before 
the  wire  had  to  be  overhauled. 


SINGLE  ANCHOR  TEST  RESULTS  AND  ANALYSIS 
Port  Huenaw  Beach  Tests 

General.  Before  fabricating  the  prototype  10,000-pound  NAVMOOR 
Anchor,  a  scale  model  was  constructed  to  evaluate  comparative  perfor¬ 
mance  against  the  STATO  Anchor  as  well  as  to  devise  efficient  fabrica¬ 
tion  methods.  An  anchor  of  approximately  200-pounds  (actual  weight  was 
211  pounds)  was  desired  for  comparison  to  the  200-pound  STATO  Anchor. 

It  was  later  discovered  that  the  actual  weight  of  the  200-pound  STATO 
Anchor  was  280  pounds;  nevertheless,  a  relative  comparison  was  still 
possible.  The  model  NAVMOOR  Anchor  was  an  exact  scaled  replica  of  the 
prototype.  The  stress  levels  in  the  model  at  design  load  are  very  low 
compared  to  the  prototype.  If  the  NAVMOOR  model  had  been  designed  as  a 
working  prototype,  much  smaller  steel  sections  could  have  been  used  which 
would  have  resulted  in  a  lighter,  more  streamlined  anchor.  However,  the 
dual  purpose  of  evaluating  anchor  constructability  would  not  have  been 
served. 

Test  Results  for  200-Poimd  Anchors.  Five  tests  each  were  conducted 
with  the  NAVMOOR  and  STATO  Anchors  and  the  results  are  shown  in  Fig¬ 
ure  15  and  16.  To  minimize  beach  variability  effects  on  test  results, 
the  anchors  were  alternately  pull  tested.  The  average  estimated  per¬ 
formance  curve  for  each  anchor  was  plotted  on  Figure  17.  Drag  distances 
were  nondimens ionalized  by  reference  to  anchor  fluke  length  to  allow 
performance  comparison  to  larger  or  smaller  anchors.  It  is  clear  from 
Figure  17  that  the  NAVMOOR  Anchor  was  more  effective  than  the  STATO  Anchor 
in  beach  sand.  The  average  holding  performance  advantage  of  the  NAVMOOR 
anchor  was  25  percent.  From  an  anchor  efficiency  standpoint,  the  advan¬ 
tage  was  significantly  greater  because  of  the  actual  weight  difference. 
Anchor  efficiency  is  defined  as  the  ratio  of  anchor  holding  capacity  to 
nominal  anchor  weight. 

Figure  18  illustrates  one  reason  why  the  STATO  Anchor  is  less  effi¬ 
cient  than  the  NAVMOOR  Anchor  in  sand  even  though  their  general  configu¬ 
rations  are  similar.  The  external  ribs  on  the  STATO  Anchor  confine  and 
trap  sand  during  the  embedment  process.  This  results  in  higher  penetra¬ 
ting  resistance  that  is  a  function  of  the  friction  between  the  anchor 
fluke  and  the  penetrated  medium.  The  coefficient  of  friction  between 
the  rough-fluked  STATO  Anchor  and  the  beach  sand  is  related  to  the  sands 
intergranular  friction,  which  for  a  medium  density  sand  equals  about 
0.7.  The  coefficient  of  friction  between  a  smooth  steel  surface,  like 
the  NAVMOOR  Anchor  fluke,  and  the  beach  sand  is  0.3  to  0.4.  From  these 
preliminary  test  results  it  appeared  that  the  goal  to  improve  hard  soil 
performance  had  been  achieved. 

Teat  Results  for  100-Pound  Anchor.  A  100-pound  NAVMOOR  Anchor  was 
designed  for  the  specific  application  of  side-stay  anchor  for  a  floating 
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fuel  line.  The  100-pound  weight  was  selected  to  enable  manhandling. 

Beach  tests  were  conducted  to  evaluate  anchor  stability,  performance 
consistency,  relative  holding  capacity,  and  penetrability.  The  results 
of  the  five  tests  conducted  are  shown  in  Figure  19.  Two  of  the  five 
tests  were  run  in  wet  dense  sand  near  the  water's  edge.  The  remaining 
three  tests  were  performed  in  dry  sand.  Results  were  indistinguishable. 
The  100-pound  NAVMOOR  Anchor  had  no  difficulty  penetrating  the  dense 
near-shore  sand.-  The  average  performance  was  plotted  in  Figure  17. 
Interestingly,  the  100-pound  NAVMOOR  Anchor  held  about  75  percent  as 
much  as  the  nearly  3  times  heavier  200-pound  STATO  Anchor. 

Later,  in  preparation  for  the  final  design  of  a  6,000-pound  NAVMOOR 
Anchor  for  salvage  operations,  the  100-pound  NAVMOOR  Anchor  was  modified 
to  accept  folding  stabilizers  scaled  from  the  prototype  NAVMOOR  Salvage 
Anchor.  The  test  model  is  shown  in  Figure  5.  Comparative  beach  tests 
were  performed  with  the  standard  100-pound  anchor  and  the  100-pound 
anchor  with  folding  stabilizers.  Results  are  not  presented,  but  the 
performance  of  these  two  anchors  was  indistinguishable  and  can  be  repre¬ 
sented  by  the  curve  of  Figure  17.  This  was  a  surprise  because  the  larger 
folding  stabilizers  were  expected  to  offer  greater  penetrating  resistance 
which  should  have  caused  lower  capacity. 

Port  Ruenejje  Sand  Single  Anchor  Tests 

General.  Various  sizes  of  NAVMOOR  Anchors  (1,000,  6,000  and  10,000 
pounds  nominal  weight)  were  tested  as  single  anchors.  The  1,000-pound 
size  is  shown  ready  for  tests  as  a  single  anchor  in  Figure  13.  Typical 
load-drag  distance  data  describing  the  performance  of  a  single  anchor  is 
shown  in  Figure  20.  The  cyclic  character  of  the  data  does  not  reflect 
actual  anchor  performance;  rather,  it  reflects  the  effect  of  the  test 
method  on  the  results.  The  chain  jack  used  to  apply  the  test  load 
hauled  in  about  3-1/2  feet  of  chain  before  it  had  to  be  reset  to  pull 
again.  During  the  resetting  process,  up  to  1  foot  of  chain  was  let  out. 
This  caused  the  large  drop  in  anchor  load  which  was  a  function  of  moor¬ 
ing  geometry  rather  than  anchor  slippage.  To  simplify  evaluation  of 
anchor  performance,  the  data  were  replotted  to  show  peak  values  that 
correctly  represent  anchor  capacity. 

NAVMOOR  1.000-Pound  Anchor  Test  Results.  The  performance  of  the 
single  1,000-pound  NAVMOOR  Anchor  is  shown  in  Figures  21  and  22.  The 
test  mooring  leg  from  barge  to  anchor  consisted  of  36  feet  of  2-1/2-inch 
chain  and  45  feet  of  1-1/2-inch  chain.  Total  horizontal  tension  at  the 
deck  and  tension  at  the  anchor  were  measured  directly.  The  anchoring 
tension  was  determined  by  subtracting  the  load  caused  by  the  surface 
resting  chain  from  total  tension.  The  anchoring  tension  defines  the 
true  anchor  holding  capacity  which  includes  load  carried  by  the  anchor 
and  buried  chain.  In  both  anchor  tests,  load  was  still  increasing  at  a 
gradual  rate  when  testing  was  stopped  (Figures  21  and  22)  so  neither 
anchor  reached  maximum  capacity.  The  point  at  which  maximum  capacity  is 
reached  can  often  be  difficult  to  detect  during  the  test.  Also,  use  of 
the  chain  jack  was  so  tedious  that  tests  were  often  stopped  when  perfor¬ 
mance  appeared  to  be  peaking.  In  both  tests,  the  anchoring  tension  was 
approximately  30  kips  at  40  feet  of  drag  distance. 
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The  anchor  was  extremely  stable  during  both  tests;  maximum  anchor 
rotation  varied  from  2  to  5  degrees.  The  rotation  angle  remained  near 
constant  during  drag  suggesting  that  it  was  seafloor  slope  dominated. 
Anchor  shank  angle  at  maximum  load  was  8  to  9  degrees  with  the  shank  tip 
below  the  shank  crown.  This  was  comparable  to  past  STATO  Anchor  test 
results  and  to  NAVMOOR  Anchor  beach  test  results. 

NAVMOOR  10. 000 -Pound  Anchor  Test  Results.  The  results  of  two  tests 
run  with  the  NAVMOOR  10, 000 -pound  Anchor  are  shown  in  Figures  23  and  24. 
The  test  mooring  consisted  of  360  feet  of  2-1/2-inch  chain.  Results 
were  consistent  in  the  dense,  gravelly  sand.  In  both  tests,  all  chain 
was  lifted  off  the  seafloor  before  peak  load  was  achieved.  This  had 
little  or  no  effect  on  performance  because  the  anchor  was  nearing  peak 
capacity  at  the  time  and  the  chain  angle  at  the  seafloor  was  less  than 
one  degree. 

When  the  anchor  was  recovered  after  the  first  test,  it  was  noted 
that  the  stabilizers  were  bent  backwards  (Figure  25).  To  solve  the 
problem,  the  stabilizer  pipes  were  strengthened  and  shortened  by  about 
15  percent.  Shortening  of  the  stabilizers  was  acceptable  because  the 
anchor  had  demonstrated  excellent  stability  in  all  laboratory,  beach, 
and  prototype  testing.  Also,  note  on  the  anchor  in  Figure  25  that  the 
paint  has  been  removed  from  fluke  and  stabilizer  surfaces.  This 
illustrates  difficulty  of  maintaining  a  painted  anchor  used  in  granular 
seafloors.  Maximum  roll  of  the  10,000-pound  NAVMOOR  Anchor  was  5  to 
6  degrees,  which  was  consistent  during  drag  again  suggesting  that  it  was 
seafloor  slope  dominated.  Maximum  shank  angle  was  8  to  9  degrees  with 
the  shank  tip  below  the  anchor  crown,  which  was  comparable  to  the 
1,000 -pound  NAVMOOR  Anchor. 

An  interesting  comparison  was  made  between  the  results  of  the  proto¬ 
type  tests  of  the  10,000-pound  NAVMOOR  Anchor  and  the  beach  tests  of  the 
200-pound  scale  model  of  the  10,000-pound  NAVMOOR  Anchor.  Results  were 
plotted  in  nondimens ional  form  in  Figure  26  as  anchor  efficiency  (holding 
capacity  to  weight  ratio)  versus  drag  distance/fluke  length.  Although 
the  beach  tests  were  in  dry  sand,  the  average  beach  test  performance 
curve  was  remarkably  similar  to  the  prototype  performance  curves.  This 
suggests  that  more  than  relative  performance  evaluations  of  anchors  in 
sand  can  be  accomplished  very  inexpensively  by  conducting  tests  of 
moderately  sized  scale  model  anchors  in  beach  sand. 

NAVMOOR  6.000-Pound  Anchor  Test  Results.  The  6, 000 -pound  NAVMOOR 
Anchor  was  tested  twice  and  the  data  are  plotted  in  Figures  27  and  28. 

The  load  cell  at  the  anchor  did  not  work  reliably  in  either  test;  how¬ 
ever,  anchoring  load  could  still  be  determined  by  subtracting  the  bottom 
chain  effect  from  horizontal  deck  load.  At  the  point  that  all  chain  is 
off  the  seafloor,  anchoring  load  and  deck  load  are  equal. 

For  comparison,  a  6,000-pound  STATO  Anchor  was  tested  and  results 
are  presented  in  Figure  29.  Comparative  performance  of  the  STATO  and 
NAVMOOR  Anchors  is  shown  in  Figure  30.  All  anchors  remained  very  stable 
during  the  test,  but  the  STATO  Anchor  in  particular  had  difficulty 
penetrating  the  dense  sand.  The  second  NAVMOOR  test,  12-85  PH,  also 
showed  the  effects  of  the  dense  seafloor;  anchor  load  built  rapidly  then 
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leveled  off  at  about  150  kips.  The  first  NAVMOOR  Anchor  test  showed  a 
more  gradual  load  building  during  the  80  feet  of  drag.  Load  was  still 
increasing  when  the  test  was  stopped  at  174  kips.  The  more  gradual 
buildup  of  load  and  the  higher  peak  capacity  for  the  first  test  sug¬ 
gested  a  lower  soil  density  at  this  test  location.  When  this  anchor  was 
recovered,  there  were  no  gravel  remnants  on  the  anchor  as  there  had  been 
on  the  other  anchors. 

Historical  STATO  Anchor  test  data  (Ref  14)  at  this  site  showed  con¬ 
sistent  load  buildup  to  180  kips  and  testing  was  stopped  to  avoid  anchor 
damage.  Reported  soil  properties  showed  a  uniform  sand  of  medium  density. 
The  character  of  this  site  has  changed  and  its  effect  on  STATO  Anchor 
performance  has  been  significant.  The  performance  of  the  smooth-fluked 
NAVMOOR  Anchor  was  better  than  the  STATO  Anchor  in  dense  sand.  The  dif¬ 
ference  in  performance  in  a  lower  density  sand  should  be  less  pronounced. 

Single  Anchor  Performance  Analysis  in  Sand.  Performance  curves  for 
all  prototype  single  NAVMOOR  Anchor  tests  conducted  in  the  dense  gravelly 
sand  are  provided  in  Figure  31.  There  is  a  common  general  degradation 
in  anchor  performance  with  increasing  anchor  size.  Nominal  rather  than 
actual  anchor  weight  is  used  to  develop  the  curves.  These  results  should 
reflect  conservative  performance  of  the  NAVMOOR  Anchor  in  sand  because 
the  data  were  gathered  in  dense  gravelly  sand  which  is  a  difficult  mate¬ 
rial  to  penetrate.  These  results  demonstrate  that  the  NAVMOOR  Anchor 
does  improve  the  Navy's  hard  soil  anchoring  capability.  The  sharp, 
smooth  flukes  of  the  NAVMOOR  Anchor  enhance  penetration  in  hard  soils. 

The  actual  performance  curves  for  the  NAVMOOR  Anchor,  plotted  in 
Figure  31,  were  used  to  define  an  average  curve  for  each  anchor  size 
tested.  These  average  performance  curves  are  presented  in  Figure  32. 

Even  though  the  trends  in  Figure  32  showed  that  maximum  capacity  was  not 
generally  achieved,  it  was  assumed  that  it  was  achieved  for  purposes  of 
defining  anchor  capacity.  The  maximum  holding  capacity  for  each  anchor, 
from  Figure  32,  were  plotted  versus  anchor  weight  in  Figure  33.  The 
performance  of  geometrically  similar  anchors  can  normally  be  represented 
as  a  straight  line  on  a  log- log  plot  of  holding  capacity  versus  nominal 
anchor  air  weight  and  these  data  followed  that  trend.  The  straight  line 
through  the  test  results  is  represented  by  the  equation, 

H  =  31V.°-94  (1) 

m  A 

where  =  anchor  holding  capacity  -  kips 

=  anchor  air  weight  (nominal)  -  kips 

San  Francisco  Bay  Mud  Single  Anchor  Teats 

General ■  The  6,000-pound  and  10,000-pouud  NAVMOOR  Anchors  were  used 
to  evaluate  single  anchor  performance  in  mud.  The  6,000-pound  STATO 
Anchor  was  also  tested  to  provide  a  baseline  for  comparison  to  NAVMOOR 
Anchor  performance  and  to  historical  STATO  Anchor  test  data.  Model  tests 
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in  soft  clay  with  1/20  scale  models  of  6,000-pound  anchors  showed  that 
performance  was  comparable.  Thus,  it  was  expected  that  prototype 
behavior  would  also  be  similar  in  mud. 

Single  Anchor  Teat  Results.  An  actual  data  plot  for  a  10,000-pound 
NAVMOOR  Anchor  test  in  mud  is  shown  in  Figure  34.  Horizontal  deck  load, 
anchoring  load  or  true  anchor  holding  capacity,  and  surface  chain  load 
are  plotted  versus  anchor  drag  distance.  Anchoring  load  was  determined 
by  subtracting  the  load  caused  by  the  surface  resting  chain  from  the 
deck  load.  In  all  of  the  mud  tests,  testing  was  stopped  before  maximum 
load  was  achieved.  At  about  90  feet  of  drag  the  anchor  crown  buoy  was 
pulled  underwater  and  the  instrument  cable  was  near  breaking  so,  the 
tests  were  stopped.  Actually,  achievement  of  maximum  load  can  take  200 
to  300  feet  of  drag.  At  about  90  feet  of  drag,  the  anchor  achieves  70 
to  80  percent  maximum  capacity  and  ultimate  capacity  can  be  projected 
with  reasonable  accuracy. 

Figure  34  shows  that  the  anchor  was  very  stable  throughout  drag.  Its 
roll  angle  oscillated  between  5  to  8  degrees  from  horizontal.  Maximum 
anchor  shank  pitch  was  8.1  degrees  (shank  shackle  above  the  anchor  crown). 
Based  upon  an  analysis  of  STATO  data  from  Ref  5,  the  maximum  shank  angle 
for  the  6, 000 -pound  STATO  Anchor  at  maximum  load  and  embedment  depth  is 
about  24  degrees  (shank  shackle  up).  It's  obvious  from  this  and  all 
subsequent  tests  in  mud  that  the  NAVMOOR  Anchor,  whose  performance  will 
be  shown  to  be  similar  to  the  STATO  Anchor,  was  not  at  peak  capacity. 

Results  of  all  10,000-pound  and  6,000-pound  NAVMOOR  Anchor  tests  are 
provided  in  Figures  35  and  36.  Note  that  all  the  tests  for  each  size 
anchor  are  quite  similar.  The  NAVMOOR  Anchor  flukes  tripped  open  reli¬ 
ably  and  the  anchor  remained  stable  during  the  penetration  process. 

Maximum  shank  angles  were  far  below  projected  maximum  so  the  anchors 
would  continue  to  embed. 

Single  Anchor  Performance  Analysis.  Results  of  a  6,000-pound  STATO 
Anchor  test  are  superimposed  on  the  NAVMOOR  test  data  in  Figure  36  and 
the  results  are  comparable.  With  the  similarity  of  the  NAVMOOR  and 
STATO  data,  historical  STATO  data  for  the  site  coulu  be  used  to  estimate 
maximum  NAVMOOR  Anchor  capacity.  This,  of  course,  assumed  that  the 
current  STATO  data  agreed  with  historical  data;  this  comparison  is  excel¬ 
lent  (Figure  37).  Historical  data  for  the  6,000-pound  and  9,000-pound 
STATO  Anchors  were  used  to  define  an  average  performance  curve  that  could 
be  used  to  project  NAVMOOR  Anchor  test  results  for  the  6,000-pound  and 
10,000-pound  NAVMOOR  Anchors,  respectively.  For  example,  the  estimated 
average  performance  of  the  9, 000 -pound  STATO  Anchor  in  mud  is  shown  on 
Figure  38.  The  selected  performance  curves  for  this  and  the  6,000-pound 
STATO  Anchor  conservatively  represent  anchor  performance  in  mud.  Normal¬ 
ized  holding  capacity-drag  distance  relationships  for  the  two  STATO 
Anchors  were  developed  (Figure  39)  from  the  average  performance  curves 
and  were  then  used  to  project  NAVMOOR  Anchor  data  to  determine  estimated 
maximum  capacities.  Average  performance  curves  for  the  NAVMOOR  Anchors 
were  developed  from  the  test  data  (Figures  35  and  36)  and  extrapolated 
(Figure  40). 

The  maximum  estimated  capacities  for  the  6,000-pound  and  10,000-pound 
NAVMOOR  Anchors  are  131  kips  and  215  kips,  respectively.  These  maximum 
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values  were  plotted  with  historical  STATO  Anchor  data  to  determine  a 
performance  specification  in  mud  (Figure  41).  A  curve,  which  reasonably 
represents  the  data,  is 

H  =  25W°'94  (2) 

m 

where  =  anchor  holding  capacity  -  kips 

=  anchor  air  weight  (nominal)  -  kips 

Sn—arv  of  Single  Anchor  Teats 

The  performance  of  the  NAVMOOR  Anchor  in  sand  was  defined  through  a 
series  of  small-scale  and  prototype  anchor  tests.  The  NAVMOOR  Anchor 
demonstrated  excellent  stability  throughout  the  tests  and  an  ability  to 
penetrate  and  hold  consistently  in  a  dense  gravelly  sand.  NAVMOOR  Anchor 
performance  exceeded  that  of  the  STATO  Anchor  in  dense  sand.  A  goal  to 
improve  the  Navy's  hard  soil  anchoring  capability  has  been  achieved. 
Anchor  holding  capacity  in  sand  can  be  defined  by  the  equation, 

H  =  31W.°' 94  (3) 

m  A 

where  H  =  anchor  holding  capacity  -  kips 
m 

=  anchor  air  weight  (nominal)  -  kips 

NAVMOOR  Anchor  performance  in  mud  was  consistent  and  comparable  to  the 
Navy's  STATO  Anchor.  Excellent  anchor  stability  throughout  anchor  drag 
was  demonstrated.  Anchor  holding  capacity  in  mud  can  be  defined  by  the 
equation, 

H  =  25W  094  (4) 

ID  A 


TANDEM  ANCHOR  RESULTS  AM)  ANALYSIS 
Port  Huaneae  Sand  Tandea  Anchor  Tests 


General.  The  1,000-pound  and  6,000-pound  NAVMOOR  Anchors  were  used 
to  evaluate  tandem  anchor  performance  in  sand.  NAVMOOR  1,000-pound 
Anchors  are  shown  ready  for  tandem  anchor  testing  in  Figure  42  (the 
suspended  anchor  is  the  tandem  anchor).  The  chain  from  it  is  connected 
to  the  tandem  link  at  the  rear  of  the  primary  anchor.  This  link  is  pin- 
connected  to  the  shank,  not  to  the  anchor  crown. 

TimH—  Anchor  Teats  and  AnalTala.  Two  tests  were  performed  with 
1,000-pound  NAVMOOR  Anchors  and  one  with  6,000-pound  NAVMOOR  Anchors. 

The  test  with  the  6,000-pound  NAVMOOR  Anchors  was  stopped  because  of  a 
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hydraulic  power  unit  failure  which  also  ended  the  test  effort.  The 
second  test  with  the  1,000-pound  anchors  was  also  stopped  before  maxi¬ 
mum  load  because  of  equipment  problems.  Nevertheless,  the  data  that  was 
gathered  agreed  with  model  and  small-scale  test  results  and  was  suitable 
for  definition  of  tandem  anchor  performance  in  sand. 

Results  of  the  1,000-pound  NAVMOOR  Anchor  tests  are  shown  in  Fig¬ 
ures  43  and  44.  In  the  first  test  (test  3-85PH)  deck  load  and  load  at 
the  tandem  anchor  were  measured.  The  load  cell  in  front  of  the  primary 
anchor  functioned  intermittently.  Those  data  were  questionable  and  are 
not  presented.  In  the  second  test,  deck  load  and  load  at  the  primary 
anchor  were  recorded.  The  load  cell  at  the  tandem  anchor  did  not  oper¬ 
ate. 

The  characteristic  performance  of  these  anchors  in  tandem  was  inter¬ 
esting.  Note  the  dips  in  the  anchor  load  and  deck  load  curves  in  Fig¬ 
ure  43.  At  about  20  to  25  feet  of  drag,  the  tandem  anchor  feels  the 
soil  disturbed  by  the  forwarl  anchor.  Eventually,  the  tandem  anchor 
begins  to  embed  deeper  through  the  disturbed  soil  and  the  load  begins  to 
increase  at  a  more  rapid  rate.  This  behavior  was  previously  noted  in 
model  and  small-scale  anchor  tests.  Figure  45  shows  the  dips,  although 
more  pronounced,  for  200-pound  STATO  Anchors  tested  in  tandem.  Since 
soil  failure  in  sand  occurs  through  a  zone  extending  many  feet  forward 
of  an  anchor,  the  effect  of  the  soil  disturbance  by  the  forward  anchor 
would  be  noticed  before  the  tandem  anchor  reached  the  disturbed  soil. 

The  first  tandem  1,000-pound  NAVMOOR  Anchor  tests  showed  that  two 
anchors  used  in  tandem  will  develop  at  least  twice  the  capacity  of  a 
single  anchor.  The  second  test  was  less  conclusive  because  the  test  was 
stopped  due  to  equipment  problems.  However,  the  anchoring  and  deck  load 
curves  for  both  tests  were  quite  similar  to  the  point  where  the  second 
test  was  stopped. 

Results  of  the  tandem  6,000-pound  NAVMOOR  Anchor  tests  are  shown  in 
Figure  46.  Load  increased  rapidly  until  the  rear  anchor  approached  the 
zone  disturbed  by  the  forward  anchor.  Then,  the  characteristic  dip  in 
the  load  displacement  curve  occurred  similar  to  all  previous  tandem 
anchor  tests.  (Note  the  anchor  roll  plotted  above  the  load  displacement 
curve  in  Figure  46.)  The  inboard  anchor  started  to  roll  slightly  when 
the  rear  anchor  neared  the  disturbed  soil.  However,  the  6  to  7  degree 
roll  stabilized  and  then  began  to  decrease.  This  shows  that  the  NAVMOOR 
Anchor  has  good  stability  and  will  recover  after  being  perturbed.  Anchor 
load  continued  to  increase  at  a  lesser  rate  until  the  test  and  overall 
test  effort  had  to  be  stopped  because  of  a  major  test  equipment  failure. 
The  rate  of  load  increase  after  about  40  feet  of  drag  was  about  twice 
that  for  a  single  anchor  suggesting  that  both  anchors  were  functioning 
properly. 

The  anchor  shank  angle  of  the  primary  anchor  started  at  7  to  8  de¬ 
grees  (shank  shackle  down)  and  gradually  decreased  to  2  to  3  degrees 
when  the  test  was  stopped.  This  contrasts  to  a  10-  to  11-degree  shank 
angle  (shank  shackle  down)  for  the  single  NAVMOOR  Anchor  throughout  the 
test.  A  difference  was  that  a  very  large  load  cell  requiring  3- inch 
shackles  was  needed  in  the  tandem  test  to  handle  the  expected  high  load, 
compared  to  a  load  cell  60  percent  as  wide  using  2-1/4-inch  shackles  for 
single  anchor  tests.  This  added  bearing  resistance  at  the  shank  shackle 
end  will  affect  anchor  performance.  Also,  at  about  145  kips  load,  all 
the  chain  was  lifted  off  the  seafloor.  Maximum  chain  angle  at  the  sea¬ 
floor  was  3  to  4  degrees  which  will  slightly  affect  the  primary  anchor 


performance.  The  tandem  anchor  will  not  be  affected.  The  good  stability 
of  the  anchors  and  the  uniform  load  buildup  comparable  to  the  sum  of  two 
independent  anchors  shows  that  the  two  anchors  in  tandem  will  develop  a 
system  capacity  at  least  equal  to  the  sum  of  two  individually  pulled 
anchors  in  sand. 

San  Francisco  Bay  Hod  Tandem  Anchor  Teats 

General.  Tandem  anchor  tests  were  conducted  with  6,000-pound  NAVMOOR 
Anchors.  In  these  tests,  the  anchors  were  separated  by  a  90-foot  length 
of  wire  rope.  This  length  of  wire  rope  conveniently  allowed  each  anchor 
to  be  handled  and  placed  on  the  seafloor  without  disturbing  the  other 
anchor  and  it  exceeded  the  minimum  allowable  anchor  separation  of  3  to  4 
fluke  lengths  (Ref  13)  to  achieve  stable  performance.  Chain  could  have 
been  used  to  connect  the  anchors  but  wire  provides  less  penetrating  resis 
tance  and  its  use  should  enhance  system  performance. 

Tandem  Anchor  Teats  and  Analysis-  Performance  curves  for  two  tandem 
anchor  tests  with  6,000-pound  NAVMOOR  Anchors  are  provided  in  Figures  47 
and  46.  Similar  to  the  single  anchor  tests,  the  maximum  drag  distance 
that  could  be  accommodated  was  about  90  feet.  At  90  feet,  the  total 
system  holding  capacity  was  210  kips,  which  is  roughly  twice  the  capacity 
of  a  single  anchor  at  that  drag  distance.  This  suggests  that  the  tandem 
system  was  functioning  effectively. 

At  the  completion  of  the  first  test,  the  tandem  anchor  was  pulled 
out  of  the  seafloor  and  replaced  on  the  seafloor;  the  primary  anchor  was 
left  embedded.  Figure  48  shows  the  continuation  of  the  test  as  if  it 
started  at  zero  drag  distance.  Anchoring  load  started  at  95  kips,  which 
reflects  the  capacity  of  the  primary  anchor  at  90  feet  of  drag  and  then 
increased  to  210  kips  in  40  feet  of  additional  drag.  The  tandem  anchor 
was  then  pulled  out  of  the  seafloor  and  the  primary  anchor  was  tested  to 
determine  its  capacity  at  test  completion.  The  primary  anchor  had  a 
capacity  of  148  kips. 

Figure  49  shows  the  two  NAVMOOR  Anchor  tests  in  combination  as  a 
single  test  series.  For  reference,  the  average  performance  curve  for  a 
single  6,000-pound  NAVMOOR  Anchor  is  plotted  for  the  same  total  drag 
distance.  At  the  completion  of  the  first  test  segment,  the  primary 
anchor  was  holding  slightly  less  than  an  average  single  anchor.  At  the 
completion  of  the  second  test  segment,  the  primary  anchor  was  holding 
considerably  more  than  an  average  single  anchor.  Initially,  this  was 
surprising  because  the  embedment  of  the  first  anchor  was  supposed  to 
have  been  slowed  by  the  drag  of  the  surface  resting  tandem  anchor;  rather 
it  seems  that  the  upward  pull  on  the  tandem  link  caused  the  anchor  shank 
to  pitch  forward.  This  decreases  anchor  shank  angle  which  effectively 
increases  fluke  angle  relative  to  its  trajectory  and  causes  more  rapid 
penetration  and  an  accelerated  increase  in  capacity.  In  fact,  the 
primary  anchor’s  capacity  exceeded  the  predicted  ultimate  capacity  of  a 
single  anchor  and  it  was  still  continuing  to  increase  at  a  rapid  rate. 

The  tandem  anchor  was  also  behaving  as  a  normal  single  anchor.  With 
continued  drag,  its  capacity  would  exceed  single  anchor  capacity  because 
the  anchor  is  stable  and  it  was  being  pulled  from  a  point  beneath  the 
surface;  thus,  it  did  not  have  to  embed  a  large  length  of  chain  during 
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the  process.  The  capacity  of  the  tandem  anchor  system  in  mud  will 
certainly  exceed  the  capacity  of  the  sum  of  two  single  anchors.  Model 
tests  (Ref  13)  showed  that  a  tandem  anchor  system  would  hold  20  to 
30  percent  more  than  the  sum  of  single  anchors.  Test  results  in  San 
Francisco  Bay  mud  indicate  that  this  may  be  a  conservative  estimate  for 
prototype  anchors. 

The  key  to  the  effective  use  of  tandem  anchors,  particularly  in  mud 
seafloors,  is  good  anchor  stability.  Previous  tests  (Ref  13  and  17) 
showed  that  tandem  anchor  performance  depended  primarily  upon  the  sta¬ 
bility  of  the  primary  anchor.  Most  anchor  types  become  immediately 
unstable  when  used  in  a  tandem  anchor  system  and  could  not  develop  the 
full  capacities  of  the  individual  anchors.  As  the  primary  anchor  rolls, 
it  can  come  to  the  surface  and  restrict  embedment  of  the  rear  or  tandem 
anchor.  The  STATO  Anchor  type  demonstrated  good  stability  during  model 
and  small-scale  tests  in  a  tandem  anchor  system.  Because  of  the  con¬ 
figuration  similarities,  the  NAVMOOR  Anchor  was  expected  to  behave 
similarly.  Prototype  results  have  verified  that  the  NAVMOOR  Anchor  is 
stable  as  a  single  anchor  and  as  the  primary  anchor  in  a  tandem  anchor 
system.  Therefore,  each  anchor  can  develop  at  least  its  full  capacity 
in  a  tandem  anchor  system. 

Su— ary  of  Tandem  Anchor  Testa 


The  NAVMOOR  Anchors  demonstrated  excellent  stability  when  used  in 
tandem.  As  noted  earlier  good  anchor  stability  is  a  key  element  in  the 
proper  functioning  of  anchors  in  tandem.  Test  results  in  sand  and  mud 
seafloors  showed  that  two  NAVMOOR  Anchors  connected  in  tandem  will 
develop  at  least  twice  the  capacity  of  a  single  anchor.  While  the  test 
data  suggest  that  this  is  a  conservative  estimate,  particularly  in  mud 
seafloors,  the  recommended  ultimate  capacity  of  a  tandem  anchor  system 
in  sand  and  mud  seafloors  is  twice  the  capacity  of  a  single  anchor. 

Since  the  performance  relationships  provided  for  the  NAVMOOR  Anchors 
in  sand  and  mud  seafloors  show  that  anchor  efficiency  decreases  as  anchor 
size  increases,  there  are  advantages  to  using  two  anchors  in  tandem 
compared  to  the  use  of  a  single  large  anchor.  The  anchors  are  lighter 
and  easier  to  handle  and  recover,  and  the  tandem  system  is  more  efficient 
resulting  in  a  lighter  system. 


NAVMOOR  ANCHOR  SIZE  GUIDELINES  FOR  NAVT  FLEET  MOORINGS 

Using  the  NAVMOOR  Anchor  performance  relationships  presented  in  this 
report,  anchor  size  requirements  for  various  mooring  classes  could  be 
determined.  Actual  calculated  anchor  sizes  based  on  a  safety  factor  of 
two  are  provided  in  Table  1.  Recommended  sizes  established  by  rounding 
up  or  down  while  remaining  within  an  allowable  factor  of  safety  range  of 
1.75  to  2.25  are  provided  in  Table  2.  Acceptance  of  a  factor  of  safety 
of  less  than  2  is  reasonable  because  anchor  performance  criteria  and 
methods  used  to  establish  mooring  loads  are  conservative. 

Mooring  classes  below  class  C  in  mud  and  class  B  in  sand  were  not 
considered  because  standard  stockless  anchors  available  in  Navy  inven¬ 
tory  can  be  used  to  readily  satisfy  these  needs.  The  approximate  maxi¬ 
mum  anchor  size  considered  was  15,000  pounds,  which  is  based  upon  a 
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recovery  limitation  in  mud  seafloors.  The  Navy's  ability  to  recover  an 
anchor  is  generally  limited  to  about  200,000  pounds  which  approximates 
the  pullout  load  for  a  15,000  pound  NAVMOOR  Anchor  set  to  its  safe  work¬ 
ing  load  in  mud. 

Four  ground  leg  options  with  the  NAVMOOR  Anchor  are  provided.  These 
options  are  standard  within  the  Navy.  The  four  ground  leg  options  listed 
in  decreasing  order  of  desirability  are: 

(1)  Single  chain,  single  anchor.  This  is  the  simplest  ground  leg 
option  consisting  of  a  single  anchor  on  a  single  mooring  chain. 

(2)  Single  chain,  tandem  anchor.  This  consists  of  two  anchors  con¬ 
nected  in  tandem  on  a  single  mooring  leg.  Minimum  recommended  anchor 
separation  referenced  to  the  length  of  the  anchors  fluke  is  3  fluke 
lengths.  Larger  lengths  would  commonly  be  used  to  simplify  handling. 

(3)  Twin  chain,  single  anchor.  This  consists  of  two  single  anchor 
legs  connected  to  a  common  point  e.g.,  ground  ring,  buoy,  etc.  To  avoid 
anchor  interference  when  the  anchors  are  dragged,  the  anchors  are  stag¬ 
gered  by  a  minimum  of  3  fluke  lengths. 

(4)  Twin  chain,  tandem  anchor.  This  consists  of  two  tandem  anchor 
legs  connected  to  a  common  point.  The  anchors  are  staggered  by  a  mini¬ 
mum  of  3  fluke  lengths  to  avoid  interference. 

Table  2  shows  that  the  Navy's  fleet  mooring  requirements  from  class  C 
(100  kips)  to  AAA  (500  kips)  can  be  satisfied  with  only  two  sizes  of 
anchors,  the  10,000-pound  and  15,000-pound  NAVMOOR  Anchors.  Actually, 
with  the  15,000-pound  anchor  in  the  twin  chain  tandem  anchor  leg  config¬ 
uration,  moorings  to  650-kip  capacity  in  mud  and  800-kip  capacity  in 
sand  could  be  established. 


SUMtAKY  AND  CONCLUSIONS 

A  new  Navy  mooring  anchor  (NAVMOOR)  has  been  developed  to  satisfy  a 
variety  of  Navy  anchor  applications.  Various  sizes  of  anchors  have  been 
designed,  fabricated,  and  structurally  and  operationally  proof-tested. 
Prototype  testing  of  single  anchors  and  of  anchors  in  tandem  were  com¬ 
pleted  in  sand  and  mud  seafloors.  Results  have  shown  that  the  NAVMOOR 
Anchor  is  structurally  and  operationally  superior  to  the  Navy's  STAT0 
Anchor  which  in  the  past  was  the  most  effective  general  purpose  anchor 
for  Navy  applications.  The  NAVMOOR  Anchor  demonstrated  its  effective¬ 
ness  In  dense  sand  and  soft  mud  seafloors  when  used  in  single  or  tandem 
anchor  leg  configurations.  The  NAVMOOR  Anchor  has  enhanced  the  Navy's 
capability  to  anchor  in  harder  seafloors  and  has  provided  a  means  to 
satisfy  its  expanded  fleet  mooring  requirements  to  a  500-kip  capacity. 

The  holding  capacity  of  a  single  NAVMOOR  Anchor  can  be  defined  by 
the  equations: 


) 
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H  =  25W.0,94  -  mud 
m  A 

and 

H  =  31W. ° ' 94  -  sand 

m  A 

where  =  anchor  holding  capacity  -  kips 

=  anchor  air  weight  (nominal)  -  kips 

In  a  tandem  anchor  system  each  anchor  will  develop  at  least  its  full 
rated  holding  capacity.  Tandem  anchor  system  capacity  is  defined  as 
twice  the  capacity  of  a  single  anchor. 

The  ability  of  the  NAVMOOR  Anchor  to  be  used  in  single  and  tandem 
anchor  configurations  and  to  function  effectively  in  a  broad  range  of 
seafloor  conditions  minimizes  the  Navy's  anchor  inventory  needs  while 
satisfying  high  capacity  mooring  requirements. 

The  Navy's  fleet  mooring  requirements  from  class  C  (100  kip  capacity) 
to  class  AAA  (500  kips)  can  be  satisfied  with  only  two  sizes  of  NAVMOOR 
Anchor,  the  10,000-pound  and  15,000-pound  NAVMOOR,  used  in  various  single 
and  tandem  anchor  leg  configurations. 

Because  the  tandem  anchor  system  employs  smaller  anchors  to  satisfy 
new  mooring  requirements,  the  Navy's  existing  equipment  assets  are 
adequate  for  installation  and  recovery  of  the  new  moorings. 

Various  size  NAVMOOR  Anchors  have  been  designed,  fabricated,  and 
employed  for  Navy  mooring  applications.  These  include  anchors  for 
amphibious  logistics  applications,  salvage,  and  fleet  moorings.  The 
NAVMOOR  Anchor  design  is  flexible  and  can  be  adapted  as  needed  for  other 
applications  as  well. 
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Minimum  anchor  separations  related  to  fluke  length  (L). 
Includes  very  soft  to  soft  silt  and  clay  seafloors. 
^Includes  sands  and  medium  to  stiff  clay  seafloors. 


Table  2.  Recommended  NAVMOOR  Anchor  Size  for  Navy  Fleet  Moorings 
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Figure  4.  Plan  view  -  strain  gage  locations  for  10K  NAVMOOR  Anchor 
proof  tests. 


Figure  5.  NAVMOOR  Anchors.  Left  to  right:  (1)  1,000-pound, 

(2)  200-pound,  (3)  6,000-pound  with  folding  stabilizers, 

(4)  100-pound  model  with  folding  stabilizers, 

(5)  100-pound,  and  (6)  10,000  pound. 
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b.  Anchor  mounted  vertically  in  after  pocket. 

Figure  6.  NAVMOOR  Anchors  for  salvage  being  deployed  from  the  USS 
SAFEGUARD,  ARS  50. 
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Figure  7.  Grain  size  distribution  for  Port  Hueneme  sand,  west  jetty 
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Figure  11.  Test  configuration  for  NAVMOOR  Anchor  tests  in  sand  at 
Port  Hueneme. 


Test  barge  setup  used  for  NAVMOOR  Anchor  testing  in  San 
Francisco  Bay  mud.  Hunters  Point. 
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Anchor  Drag  Distance  (ft) 

200-pound  NAVMOOR  Model  Anchor  performance 
Port  Hueneme  beach  sand. 


200-lb  NAVMOOR  model 


Drag  Distance/Fluke  Length 

Figure  17.  Average  performance  curves  for  small  NAVMOOR  Anchors  in 
dry  beach  sand. 
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Figure  18.  STATO  Anchor  flukes  showing  sand  trapped  between  flukes  ribs. 


Figure  19.  100-pound  NAVMOOR  Anchor  performance  in  dry  Port  Hueneme 
beach  sand. 


Typical  load-drag  distance  test  data  for  the  NAVMOOR  Ancho 
in  Port  Hueneme  sand. 


Test  5  -  85  PH 


Drag  Distance  (ft) 

Figure  23.  10,000-pound  NAVMOOR  Anchor  performance  in  Port  Hueneme  sand. 


Test  6  -  85  PH 


Drag  Distance  (ft) 

Figure  24.  10,000-pound  NAVMOOR  Anchor  performance  in  Port  Hueneme  sand. 
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Drag  Distance/Fluke  Length 

Figure  26.  Performance  curves  of  prototype  and  scale  model  NAVMOOR 
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Comparative  performance  of  6,000-pound  NAVMOOR  and  STATO 
Anchors  in  dense  gravelly  Port  Hueneme  sand. 
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Drag  Distance  (ft) 

Performance  curves  for  NAVMOOK  Anchors  in  dense  gravelly 
sand  at  Port  Hueneme. 


Drag  Distance  (ft) 

Figure  32.  Average  performance  curves  for  NAVMOOR  Anchors  in  dense 
gravelly  sand  at  Port  Hueneme. 
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Figure  35.  10,000-pound  NAVMOOR  Anchor  performance  curves  in  San 

Francisco  Bay  mud. 
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Figure  36.  6 ,000 -pound  NAVM00R  and  STATO  Anchor  performance  curves  in 

San  Francisco  Bay  mud. 
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gure  37.  Comparison  of  recent  and  historical  6,000-pound  STATO 
Anchor  test  data. 


38.  Historical  9,000-pound  STATO  Anchor  data  for  San  Francisco 
Bay  mud. 


,000-lb  S' 


igure  39.  Normalized  holding  capacity-drag  relationships  for  STATO 
(NAVMOOR)  Anchors  in  San  Francisco  Bay  mud. 
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Anchor  Weight  (kips) 


'O-pound  NAVMOOR  Anchors  being  deployed  for  tandem  anchor 


tandem  NAVMOOR  Anchor  performance  in  dense 
d  at  Port  Hueneme. 


m  NAVMOOR  Anchor  performance  in  dense 
Port  iluoneme. 


5.1  fluke  length 


in  tandem 


6,000-pound  tandem  NAVMOOR  Anchor  performance  in  dense 
gravelly  sand  at  Port  Hueneme. 


6,000-pound  tandem  NAVMOOR  Anchor  performance  in 
San  Francisco  Bay  mud. 
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Figure  49.  6,000-pound  tandem  NAVMOOR  Anchor  performance  in  San  Francisco 

Bay  mud,  showing  results  of  sequential  testing. 


APPENDIX 


DESIGN  DRAWINGS  FOR  NAVMOOR  ANCHORS 


The  design  drawings  for  two  general  types  of  NAVMOOR  Anchors  are 
provided. 

The  2,000-pound  NAVMOOR  Anchor  design  drawings  represent  anchors 
designed  for  amphibious  logistics  use.  The  principal  difference  between 
this  anchor  and  anchors  designed  specifically  for  fleet  mooring  applica¬ 
tions  is  the  shank  design.  Shank  taper  is  nearly  nonexistant  at  the 
crown  end  to  increase  shank  bending  resistance  to  lateral  loading.  The 
shank  of  fleet  mooring  anchors  can  be  more  tapered  to  improve  anchor 
penetrability  because  these  anchors  are  rarely  subjected  to  significant 
off-line  loading. 

The  6,000-pound  NAVMOOR  Anchor  for  salvage  employs  folding  stabilizers 
to  enable  anchor  stowage  in  existing  pockets  on  Navy  ARS  ships.  The  anchor 
crown  has  been  strengthened  to  accommodate  the  folding  stabilizers.  The 
anchor  shank  is  also  less  tapered  than  fleet  mooring  anchors  to  simplify 
anchor  recovery  through  ARS  ship  stern  chutes.  Other  minor  differences 
exist  for  this  anchor  to  ease  handling  on  board  ship  and  to  reduce  anchor 
maintainability. 
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C  A:  OICC.  Guam;  OICC.  Rota.  Spain:  OICC.  Virginia  Beach.  VA.  OICC  ROICC,  Norfolk.  VA;  ROICC 
(Code  405).  Portsmouth.  VA;  ROIC  C'.  Corpus  Christi.  TX:  ROICC.  Crane.  IN:  ROICC.  Keflavik.  Iceland; 
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Mayport.  FL;  SCE.  Guam.  Marianas  Islands:  SCE.  San  Diego  CA;  SCE.  Subic  Bay.  RP;  Security  Offr.  San 
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SUPSHIP  Tech  Librarv.  Newport  News.  VA 

LOT  ONE  CO.  Norfolk.  VA 

UCT  TWO  CO.  Port  Hueneme.  CA 
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Marine  Geology  Offc  (Piteleki).  Reston.  VA:  Marine  Oil  &  Gas  Ops  (R  Krahl).  Reston.  VA 
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15  ADVANCED  BASE  AND  AMPHIBIOUS  FACILITIES 

16  Base  facilities  (including  shelters,  power  generation,  water  supplies) 

17  Expedient  roeds/sirfields/bridges 

18  Amphibious  operations  (including  breakwaters,  wave  forces) 

19  Over- the- Beech  operations  (including  containerization, 
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